A l.  nfcfUH  !  54*-vi»I 


SHOUT  TIME  HUMAN  TOLERANCE  TO 
SINUSOIDAL  VIBRATIONS 


Herd  H  Ziejienrurcker,  Ml) 

Edu  ard  B  Magid.  ('apt  .  CSAEtMO 

Aeru  Medical  Laboratory 


\  A 
\ 


Slid 


K  't|  *** 


JULY  1959 


#* 


ASTIA 

rai221 


OCTII 


WSu  U  CSl» 

TlPOfl 


WEIGHT  AIH  DEVELOPMENT  CENTER 
AIR  RESEARCH  AND  DEVELOPMENT  COMMAND 
UNITED  STATES  AIR  FORCE 
WRIGHT-PATTERSON  AIR  FORCE  BASE,  OHIO 


NOTICES 


When  Government  drawing!,  specifications,  or  other  data  art  used  for  any  pur  pooo  other 
than  in  connection  with  a  definitely  related  Government  procurement  opei atioa,  the  United  State* 
Government  thereby  incurs  no  responsibility  nor  any  obligation  whatsoever;  and  the  fact  that 
the  Government  may  have  formulated,  furnished,  or  in  any  way  supplied  the  aaid  drawing*, 
specifications,  or  other  data,  is  not  to  be  regarded  by  implication  or  otherwise  as  in  suy  wanner 
licensing  the  holder  or  any  other  person  or  corporation,  or  conveying  any  rights  or  permiaasoci 
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Sbcrt  ties  fcunan  tolerance  criteria  for  sinusoidal  vibration  from 
1  to  15  op«  ware  determined  using  10  healthy  male  subjects  ranging  In 
«g«  team  23  to  34  years.  At  each  frequency,  the  amplitude  was  Increased 
at  a  constant  rate  tram  aero  to  the  point  where  the  subject  stopped  the 
run  because  be  thought  that  further  increase  night  cause  actual  bodily 


The  lower  levels  of  tolerance  were  found  to  be  between  1  and  2  g 
at  3  -  4  opa  and  at  7  -  3  cpe.  The  highest  tolerance  level  of  7  -  8  g 
was  found  at  15  cpe.  Subjective  tolerance  Units  were  found  to  be 
oauaad  by  one  or  more  of  seven  specific  sensations  or  ayaptoES.  Physio¬ 
logical  observations  during  vibration  exposure  were  also  node. 
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INTRODUCTION 


The  effect  of  mechanical  vibrations  on  man  has  stimulated  much  inter¬ 
est  for  many  years.  Fh^ri mental  activity  in  this  field  has  paralleled 
th»  increasing  frequency  and  severity  of  human  exposure  to  vibrations 
brought  atu.,v  by  motorized  transportation  and  industrial  growth.  In 
aviation,  the  interest  concerning  the  effect  of  vibrations  on  pilot,  air- 
crcvman  and  passenger  has  shifted  in  recent  years  from  the  higher  fre¬ 
quency  vibrations  induced  by  the  motor  to  low  frequency,  high  amplitude 
vibrations  due  to  aerodynamic  forces.  The  latter  are  already  a  disturb¬ 
ing  factor  in  high  speed,  low  altitude  flights  (buffeting)  and  appear  to 
be  of  vital  importance  in  the  launch  and  re-entry  phase  of  rocket  pro¬ 
pelled,  manned  space  vehicles.*  Criteria  defining  the  human  limits  of 
comfort,  performance  and  safety  in  the  vibration  environments  associated 
with  various  air-  and  space-craft  missions  are  needed  for  the  design  an* 
operation  of  these  craft. 

J'rsvlaus  studies^* 3#4» 5, 6,7,8,9,10,11  have  been  designed  to 
determine  human  response  and  tolerance  to  sinusoidal  vibrations  from 
1  to  ^0  cps.  In  these  studies  the  subjects  were  standing,  sitting  or 
lying  down  on  the  horizontally  or  vertically  vibrating  platform.  Various 
subjective  responses  from  the  threshold  of  perception  to  pain  have  been 
defin  i  and  used  to  classify  tho  sensations.  Some  of  the  cri  teria  verei 
just  perceptible,  definitely  perceptible,  noticeable,  unpleasant, 
annoying,  objectionable,  exceedingly  annoying,  painful,  and  unbearable. 

It  is  obvious  that  these  terms  are  wide  open  to  subjective  interpreta¬ 
tions  and  are  only  to  provide  a  general  classification  of  the  perceived 
sensations.  In  analyzing  the  results  of  several  investigators  in  terms 
of  willingness  of  a  subject  to  tolerate  various  levels  of  vertical 
vibrations,  Goldman*5  shows  that  the  variability  among  different  studies 
is  very  great. 

Assuming  that  environmental  conditions  were  kept  constant  the  most 
important  factors  effecting  variations  in  the  response  to  vibratioaa  are  > 
experimental  procedure,  exposure  time,  body  posture  and  arm  positioning, 
type  of  seat,  seat  belt  and  harness,  and  clothing.  The  studies  summar¬ 
ized  by  Goldman  probably  had  exposure  time  and  experimental  procedure  as 
main  variables,  and  no  special  effort  had  beer  made  in  these  studies  to 
increase  tolerance  by  proper  seating  and  protection,  two  areas  still  open 
for  stud} .  It  is  conceivable  that  vibration  levels,  vMeb  might  be  judged 
annoying,  when  exposed  to  them  fer  a  tew  minutes,  become  painful  and 
intolerable  after  half  an  hour  or  hours.  The  absolute  highest  tolerance 
levels  are  to  be  expected  for  extremely  short  exposure  tins.  The  purpose 
of  this  study  was  to  find  this  short-time  limit  of  subjective,  voluntary 
tolerance  for  vertical  vibrations  and  to  define  this  tolerance.  The 
frequency  range  from  1  to  15  ops  was  selected  because  buffeting  and  im¬ 
pact  loads  sAke  -hort-time  exposure  for  second*  or  fractions  of  a  second 
in  this  range  especially  important .  Tolerance  is  therefore  defined  as 
the  degree  of  stress  human  subjects  are  willing  to  undergo  without 
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noticeable  injury,  Since  maximum  tolerance  limits  for  military  applica¬ 
tions  were  dealt ed,,  standard  seat  end  harness  were  selected  accordingly , 
b\it  in  no  way  constitute  optimum  designs  to  increase  vibration  tolerance. 

'Tie  tolerance  levels  obtained  are  considerably  nigher  than  previous 
results  under  different  conditions,  especially  longer  exposure  times. 

Ibis  study  can  only  bo  considered  the  beginning  of  a  series  of  time- 
tolerance  studies,  which,  for  practical  applications,  will  have  to  be 
extended  to  the.  field  ox  random,  wide  band  vibrations  as  well.  These 
studies  aru  supplemented  by  animal  experiments-*-^*- » 12  using  vibrations 
above  the  tolerance  level  established  here,  so  that  severe  physiological 
and  pathological  effects  can  be  studied  and  correlated  with  the  rirst 
danger  symptoms  obtervad  in  approaching  the  tolerance  limit.  The  tew 
known  cases  in  the  literature  where  humans  have  been  exposed  to  levels 
clearly  above  the  tolerance  limit^-3,  as  defined  here,  also  help  to 
verify  this  limit. 


METHODS  AND  MATERIALS 


fluMeoto 

A  panel  of  10  members  was  assembled.  The  subjects  were  rio;  asked 
*o  jein  the  panel;  they  independently  volunteered  to  participate  in  the 
experiment.  Their  ages  ragged  from  23  to  34  years,  their  weights  from 
143  to  210  ooiiuls  end  their  heights  from  5  ft.  7  in.  to  6  ft.  3  in. 
(t&aLs  X).  * 


TABLE  I 

VITAL  MEASUREMENTS  OF  TEST  SUBJECTS 


SUBJECT 


AGE  WEIGHT  HEIGHT 

lb  u.  in. 


BW 

32 

195 

6  0 

CR 

24 

138 

C  n 

V  11 

DF 

23 

200 

8  1 

EW 

29 

15C 

5  9 

HR 

34 

200 

5  10 

LJ 

25 

143 

5  7 

ME 

28 

210 

8  0 

RE 

28 

145 

5  7 

RM 

24 

163 

8  0 

SR 

27 

197 

8  3 
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Ercerimentsl .  Equipment 


A21  vibrations  used  in  this  experiment  ’.'ere  sinusoidal  in  nature.  A 
Western  Gear  mechanical  shake  table  (fig.  l)  was  utilized  to  attain  fre¬ 
quencies  ranging  from  3  to  15  cps.  With  this  machine,  i+  was  possible  to 
attain  an  excursion  in  the  vertical  plane  anywhere  from  0  to  22  cm.  The 
nmpl  itude  nay  only  be  increased  from  zero  to  any  point  up  to  22  cm  D.A.* 
at  a  constant  rate  of*  0,75  mm  D.A./sec  characteristic  of  the  machine; 
conversely,  the  amplitude  may  be  decreased  anywhere  from  22  cm  D. A.  to  0 
ct  the  same  constant  rate.  The  shake  table  may  also  be  run  at  constant 
frequency  and  amplitude  within  the  above  described  range.  The  frequency 
and  amplitude  are  directly  read  from  tho  shake  table  instrumentation . 
Addition»J.  instrumentation  for  tho  device  e  nisisted  of  tun  accelerometer 
mounted  or.  the  vibrating  platform  where  the  subject  was  seated.  The 
accelerometer  was  connected  to  an  oscilloscope  so  that  acceleration 
could  h*»  observed  for  monitoring  purposes. 

At  1  and  2  cps  the  amplitude  necessary  to  reach  tolerance  could  not 
be  obtained  on  the  shake  table,  therefore,  the  "Vertical  Accelerator " 
(fig.  2)  was  used  for  this  part  of  the  experiment.  This  device  can 
produce  vertical  sinusoidal  motions  with  an  amplitude  of  ±  1C  feet  D.A. 
with  o.i  acceleration  limitation  of  ±  3.5  g  up  to  7  cps;  random  noise 
patterns  can  also  be  reproduced.  The  seating  arrangement  is  identical  to 
the  shake  table.  The  only  difference  is  that  the  subject  wears  a  stand¬ 
ard  Air  Force  crash  helmet  with  an  interco-snunicatioc  system  ao  that  he 
may  converse  with  tho  operator  and  medical  observer. 

The  subjects  were  seated  to  si  mil  ate  the  position  of  a  passenger  in 
normal  flight,  although  during  space  flight  the  passenger  will  probably 
assume  a  semi -recumbent  position.  A  modified  T-33  Jet  aircraft  seat  was 
mounted  to  the  vibrating  platform;  the  seat  is  made  of  reinforced  flat 
plywood  board  and  no  cushions  were  used.  With  this  the  tn»  motion  of 
ibe  vibrating  platform  was  transferred  to  the  subject  with  minimum  of 
change.  The  subject  sat  vith  his  coccyx  pressed  firmly  against  the  back 
of  the  seat  so  that  a  nearly  vertical  position  was  maintained  during  the 
run.  He  was  strapped  into  the  chair  with  a  standard  Air  Force  lap  belt 
and  shoulder  harness  which  were  tightened  so  that  the  subject  could  net- 
move  In  either  the  vertical  or  horizontal  directiona.  Care  was  taken  to 
avoid  impairing  respiratory  movements,  and  the  vibratory  characteristics 
of  the  abdomen  arxi  its  contents  were  changed  as  i:i  wile  ;.s  possible.  The 
subject's  feat  were  strapped  down  anugly  to  the  vibrating  platform.  The 
thi^is  were  not  sup ported  from  tho  buttocks  dovm  (fig.  2).  The  head  vaa 
not  supported  although  a  head  robt  was  attached  to  the  seat  to  safeguard 
against  severe  vacillations. 

The  subject  was  anle  to  grip  the  extended  arm  rests  where  a  signal 
button  was  conveniently  located.  When  the  button  was  pushed,  &  busier 
signaled  the  operator  to  stop  the  run  Immediately. 
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Figure  1.  rfestem  Geer  Mechanical  Shake  Table  on  which  a  T-33  Jot  Aircraft 
Seat  was  Mcuntsd . 


Figure  2.  (left) 

Vertical  Accelerator. 

Subject  is  shown  in  the 
position  assumed  for  all 
runs  in  a  T-33  modified 
jet  aircraft  seat  attach¬ 
ed  to  ribrating  platform. 
Subject  bar  constant 
coew**nication  with  the 
medical  obs error  and 
operator.  Steer  j^ncy  but¬ 
tons  are  located  bilater¬ 
ally  at  end  of  arm  rest. 
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Tiie  frequencies  were  preset  and  refiner3  coaster.-*;  throughout  the  run. 
The  inn  began  by  increasing  the  amplitude  froru  zvre;  c'uo  to  the  large  dis¬ 
placements  used  at  1  and  2  cps,  the  amplitude  vas  increased  at  a  constant 
rate  of  10  mm/sec  D.A.  When  tolerance  was  reached  the  subject  pressed 
the  buzzer  button  which  signaled  the  operator  to  stop  t?;e  run  immediately. 
At  this  point,  the  amplitude  wea  read. 

The  panel  members  wore  introduced  to  the  problem  of  flight,  under  the 
influence  of  low-frequency  vibrations.  They  were  familiarised  *d.ih  the 
Vertical  Accelerator  and  the  choke  tchlo  by  r.ovlng  preliminary  rides  at 
various  frequencies  cc^oidersbly  below  tolerance  levels. 

The  subjects  were  then  briefed  on  the  experimental  procedure.  It  was 
made  especially  clear  that  this  study  was  attempting  to  define  the  limit 
of  sinusoidal  socoleratim  at  various  frequencies  a  rider  would  be  willing 
to  undergo  before  it  was  thought  that  actual  body  harm  would  occur.  It 
vow  further  emphasised  that  the  limit  of  sinusoidal  acceleration  was  not 
discomfort.  The  subjects  were  not  yiven  information  as  to  what  sensations 
they  could  experience.  The  panel  members,  with  the  exception  of  the  one 
medical  officer.,  had  no  insight  into  symptomology.  Immediately  after  each 
rur.  the  subjects  were  asked  to  give  their  reason  and  describe  in  detail 
the  sensations  which  were  the  primary  cause  for  stopping  the  run;  care  was 
taken  to  keep  prompting  at  a  ndniiai'jo-  The  criteria  of  tolerance  for  this 
experiment,  therefore,  were  completely  subjective,  completely 

dependent  upon  any  sensations  the  subject  might  encounter.  Uhon  it  coulu 
not  be-  decided  which  sensations  ware  more  pronounced,  more  than  one  reason 
was  given  for  discontinuing  the  run.  Since  the  maximum  obtainable  acceler¬ 
ation  on  the  Vortical  Accelerator,  at  the  time  of  this  study,  was  slightly 
under  tolerance  limit  at  1  and  2  cps,  the  subjects  were  asked  how  close 
they  were  to  their  tolerance  limit.  Each  rider  estimated  that  his  toler¬ 
ance  was  vory  near  to  being  reached.  Accordingly,  the  tolerance  limits  at 
these  two  frequencies  have  been  empirically  determined. 

A  medical  officer  vas  stationed  r.srt  to  the  shake  table  so  that  direct 
ccnnurieation  was  easily  maintained;  or  on  c  platform  opposite  the  center 
line  of  the  Vertical  Accelerator  near  the  path  of  its  carriage.  Here  the 
observer  had  constant  phone  communication  with  the  rider  and  operator.  His 
duty  was  to  ctop  the  run  if  the  subjaet  elicited  signs  of  bodily  harm. 

Blood  pressure,  pulse  rate,  respiration  and  ECG  were  observed  before  and 
after  the  ran  to  take  heed  of  any  abnormalities  that  might  arise  and  to 
observe  lasting  physiological,  phenomena.  Blood  prepare  *ras  token  by  the 
auscultatory  method.  An  btt&apt  wee  made  to  obtain  pulse  rate  and  ECG 
tracings  during  the  run.  These  tracings  met  with  little  success  because 
c?  extreme  muscular  activity  encountered  during  the  run. 

Each  subject  vas  exposed  to  11  rides,  which  consisted  of  two  fre¬ 
quencies  per  day.  The  range  f res  1  to  10  cps  was  covered  In  1-cycle  steps; 
the  11th  frequency  vas  15  cps.  The  dequeue©  of  exposure  to  these  frequen¬ 
cies  was  randomly  chosen.  The  aubjeota  were  asked  to  report  any  lasting 
symptoms  or  observations  on  the  days  following  the  runs.  But  no  suoh 
reverts  were  received. 
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Ihe  results  ore  presented  iii  figure  3.  They  consist  of  the  arith¬ 
metic  tho  standard  deviation  of  the  mean  and  the  extreme  g  values 
found  for  each  frequency. 
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Figure  3.  Arithaetio  Mean,  Standard  Deviation,  Maxinun  Deviation  of 
Tolerant  Values.  Arithmetic  eean  of  exposure  tine  ia 
seconds  is  indicated  above  Ut«  frequency  so  ale  for  each 
teat  frequency. 
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iho  remaining  three  sensations  are  void  of  pain,  i.e.,  ^ys;.n-a,  referable 
t--  the  respiratory  system,  discomfort  referable  to  a.  -moralized  condi¬ 
tion  , and  amrlcty,  S’-’ggeetiRg  a  generalized  psychological  response. 
Reviewing  the  sym.p+or.s  of  the  subjects  aids  in  elucide ting  the  physio¬ 
logical  "lechmiisms. 


TABLE  IT 

CRITERIA  OF  TOLERANCE 


— 

CYCLES 

PER 

SECOND 

1 

SYMPTOMS 

Abdominal 

Pain 

Chest 

Pain 

Testicular 

Pain 

_ 

Head 

Symptoms 

i 

Dyspnea 

X  X  ».  X  X 

XXX 

Anxiety  j 

i 

I 

General  i 
DlscorrUort 

| 

v  X  “  1 

— i 

,  ' 

• 

~ 

2 

1 

1 

X  X  X  X  X 

XXX 

— 

X  X  X  x  ! 

1 

_ _ 1 

3 

.XX  •  X  X 

1 

X  X  X  X  X 

X 

X  X  X  XX ! 

1 

! 

XX  j  X  X 

_ i 

X  X 

XX); 

... 

X  X 

X  X  X  X  X 

—  ' 

t 

5 

X  X  XX 

-----  -J 

V 

uxn  i 
• 

X 

3 

XXX 

X  X  X  X 

X 

X  X  X  X 

7 

X  X 

X  X  X  X  X 

• 

X 

X 

X 

! 

x 

X  XX  X 

X 

X  X 

XXX 

i — 

a 

X  X 

“XX  X. 

- 

X 

XXXX  X 

10 

X 

V 

_ _ 

X  X  X 

_ _ _ 

A  X 

X 

15 

“  XXXX 

XXX 

All  subjects  experienced  the  3en3ation  of  dr  xp’  ^cement  of  the  body  and 
its  parts  during  the  run.  This  sensation  was  mentioned  an  Li  it-  limiting 
factor,  alvuo  ox  iti  combination  with  other  symptoms,  only  when  the  intens¬ 
ity  of  the  displacements  beewat  ?n  severe  that  it  w  ,p  t>  nig  ..  bodily 
damage  might  occur.  Tbs  abdominal  pain  had  a  slow  onss.-,  .  dull  and 
aching  in  nature,  and  gradually  increased  in  intensity  the  run  contin¬ 
ued.  The  pain  distribution  was  about  or  b-lev  the  uebi Ileus  and  often 
described  as  "gas  pains."  The  chest  ;xiin  had  a  distribution  suggestive  of 
the  pain  experienced  in  coronary  heart  disease,  i.e.,  dull,  aching  pain 
which  increased  in  intensity  n««  the  rida  continue**,  Th«  pain  occurred  at 
the  substcmal  or  ^rocordiai  areas  and  ff'c^uaintly  ojetanded  across  the 
entire  chest.  However,  in  some  cases  this  pain  was  intensified  by  respir¬ 
atory  movements,  although  not  to  the  extent  of  interfering  with  respira¬ 
tion  ,  Testicular  pain  was  described  as  pain  of  t&e "groin,  being  oolliorc 
in  nature.  Trie  head  sensation  was  described  si  a  dull,  aching  pain  of  low 
intensity  or  a  full  congested  feeling,  as  if  tho  heed  were  expending 
somewhat. 
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To  summarize,  all  of  the  above  pain  sens  itions  were  described  es 
having  a  subtle  onset,  being  dull  in  nature,  of  low  Intensity  and  increas¬ 
ing  with  ere?.- endo-like  characteristic.  i-.ri*b  the  preceding  description  it 
is  observed  that  th-  end  point  or  tolerance  le  el  was  attained  «?11  after 
the  above  symptoms  "onrrtenced,  therefore  ti  e  pain  had  attained  qualities 
of  such  proper  I  ions  that  the  subject  thought  by  continuing  the  run  any 
further,  bodily  harm  would  result.  The  pain  sensations  cease-1  after  the 
run  except  for  ic.nc!  pains  vMrv  lasted  several  riinutcs. 

Dyspnea  and  general  discomfort  had  an  onset  similar  to  the  painful 
sensations,  c.  slow  insidious  onset  building  up  to  an  unbearable  intensity. 
The  respiratory  movements  were  described  as  being  impaired  to  mjc.h  «n 
extent  that  all  of  the  subjects  attention  was  focused  on  overcoming  the 
rapid  displacements  of  the  thorax  and  abdomen  vrhich  inhibited  grseous 
exchange . 

General  discomfort  was  described  as  the  sensation  of  various  body 
parts  —  muscles,  joints,  thorax  and  abdomen  —  being  torn  or  falling  apart. 

After  experiencing  the  first  rides  ths  subjects  developed  and  main¬ 
tained  a  state  of  mild  anxiety  toward  the  runs  throughout  the  rest  of  the 
experiment,  There  were  seven  episodes  the  subjects  felt  that  toler¬ 

ance  was  based  on  extreme  anxiety. 

By  comparing  the  values  before  end  after  each  run,  pulse  rate  wao 
observed  to  increase  as  much  as  15  beats  per  minute  and  blood  pressure 
showssd  a--  increase  as  much  as  1C  mm  of  Kg.  wiiich  quickly  returned  to 
normal.  The  ECC  showed  a  compensatory  bradycardia  following  the  increased 
heart  rate  soon  after  each  run.  No  abnormal  EGG  pattern  was  observed 
throughout  the  experiment.  Vertigo  and  ’’seasickness"  were  not  experienced 
during  this  study. 
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DISCUSSION 


Inasmuch  as  tolerance  is  defined  by  the  dearie  of  stress  human  sub¬ 
jects  are  villiig  to  undergo  (rather  than  ty  measurable  changes  of  physio¬ 
logical  functions  which  actually  \rould  indicate  that  the  limit  of  tolerance 
had  been  exceeded),  the  subjective  response  ^f  the  test  subjects  was  chosen 
as  the  criterion  of  tolerance.  Despite  the  fact  that  tho  results  of  this 
study  were  '.rLd?ly  dependent  upon  the  individual’s  psyche  and  the  subjective 
conditions  pre failing  at  the  times  of  the  experiment,  the  spread  of  the 
curve  ie  surprisingly  small  (fig.  3,  p. 8  ).  It  suggests  that  different 
individuals  sue  somehow  similarly  affected  by  the  sane  type  of  vibratory 
stimulation.  Two  f  sc  tors ,  discussed,  below,  may  be  responsible  for  this 
similarity  of  responses. 

First,  the  human  body  as  a  mechanical  system  represents  a  complex 
spring-mass  system.  The  body  types  of  the  subjects  with  respect  to  their 
mechanical  properties  were  fairly  consistent  and  characlsristico  of  this 
spring-mass  system  may  be  sssumad  in  the  same  order  of  magnitude  as  shown 
by  impedanco  measurements.  variations  c?  the  mechanical  charac¬ 

teristics  of  different  teat  subjects  in  the  same  position  are  indeed  small. 
Hence,  it  may  be  expected  that  the  mechanical  response  of  the  body  of  all 
subjects  to  an  identical  mechanical  stimulus  and  the  resulting  energy 
transmission  is  fairly  consistent,  too. 

Second,  the  thresholds  for  proprioception  and  for  perception  ox  pain 
are  characteristic  of  the  species  and  deviations  would  be  expected  to  be 
small. 


The  adequate  stimulus  for  both  proprioception  and  pain  perception  an 
which,  generally,  the  criteria  of  tolerance  in  this  study  are  based,  is 
the  eficct  of  displacement  or.  the  body,  i.e.,  relative  displacement  of 
differen’  tissue  complexes  with  respect  to  each  other.  Both  propriocep¬ 
tion  and  pain  are  quantitative  sensations  depending  upon  the  degree  of 
displacement  and/or  the  number  of  rrrrpto rs  affected.  They  represent  a 
continuum  of  sensations  with  overlapping  which  act-s  as  an  excellent 
informative  and  protective  mechanism.  By  applying  these  facts  to  the 
problems  of  vibration  it  becomes  apparent  that  tho  subjective  tolerances 
found  at  various  frequent  .»<»  *>re  determined  b>  t’.o  degree  ox  displacement 
occurring  at  specific  Ixxiy  regions.  On  this  basis  an  explanation  of  the 
symptoms  the  test  subjects  experienced  at  tolerance  levels  may  be 
attempted . 

1.  Abdominal  rain  is  believed  to  be  caused  by  stretching  of  the 
terminal  ileum,  cecum  and  hepatic  flexure  of  the  large  intes¬ 
tines  and  it3  supporting  mesentery. 

Chest  pain  which  most  commonly  occurred  between  5  end  9  cps 
could  easily  have  its  origin  from  mechanical  stimulation  of  the 
vibrating  heart  on  the  diaphragmatic  pericardium  and  on  the 
parietal  pericardium  about  the  base  of  th*  heart,  and/or  .CVcs 
stretching  of  the  major  vessels  and  their  supporting  structures 
due  to  di splacement,  Displacement  of  the  diaphragm  at  its 
anterior  attachments  is  also  believed  to  be  a  source  of  pain. 
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is  avoked  ty  stretching  the  spermatic  cord 
revolting  from  the  cyclic  excursion  of  the  testicles  and  its 


surrounding  tissues.  The  displacement  necessary  to  elicit 
unbearable  pain  is  very  small  because  of  its  pain  fiber 
character! sties  an!  distribution. 


4.  Head  symptoms  are  more  difficult,  to  evaluate.  Part  of  the 
sensation  is  probably  due  to  the  displacement  of  the  facial 
skin  and  the  subcutaneous  fat  .layers  about  the  underlying 
bony  structures i  Vhat  part  brain,  the  spinal  cord  and 
especially  spinal  fluid  play  in  the  origin  of  head  symp¬ 
toms  is  yet  to  be  determined. 


?•  Dyspnea  which  occurred  exclusively  in  the  low 

i.e.,  between  1  and  4  cps,  is  undoubtedly  a  result  of  the 
cyclic  motions  of  the  thoraco-sbdominal  system.  Active 
respiration  was  made  very  difficult  by  the  vibratory  force 
acting  on  the  abdominal  mass  thereby  decreasing  diaphragmatic 
movement  and  on  the  thoracic  cage  decreasing  thoracic  volume. 

The  amplitude  of  this  passive  respiration  was  such  that  the 
air  column  oscillated  proportionately  more  within  the  trachea 
and  bronchial  tree,  thereby  decreasing  gaseous  exchange. 

6.  Anxiety  t»aa  probably  caused  by  a  multiplicity  of  reasons  among 
which  severe  stimulation  of  the  proprioceptive  system  -and 
respiratory  impairment  play  important  roles. 

7.  General  discomfort,  xmder  uhich  various  sensations  of  a  more 
diffuse  character  were  listed,  occurred,  over  the  entire 
frequency  range.  Most  commonly  it  was  described  ns  a  feeling 
of  "falling  apart"  of  muscles  and  joints.  These  are  sensa¬ 
tions  referable  to  the  system  of  proprioception . 

For  all  runs  (regardless  of  the  type  of  symptom  uhich  finally  determined 
the  limit  of  tolerance }  at  higher  acceleration  level-*  the  subjects  were 
unable  to  perform  activities  other  than  exerting  extreme  effort  in  flexing 
their  skeletal  and  abdominal  musculature  to  "control "  themselves.  Kear 
the  end  of  most  runs  .it  vas  noticed  that  the  Valsalva  maneuver  was  per¬ 
formed.  This  apparent  basic  reflex  of  muscle  flexing  under  the  influence 
of  severe  vibration  stiffens  the  body  in  order  to  more  effectively  resist 
the  stinuluo  which  becomes  increasingly  intolerable,  ihe  degree  of  exer¬ 
cise  over  a  short  period  of  time  explains  the  changes  in  blood  pressure, 
heart  rate  aid  breathing  following  each  rue. 

Comparing  the  tolerance  curve  (fie.  3^  dsrivjd  from  this  study  with 
the  results  of  impedance  measurements-1-^''  a  similarity  in  general 
characteristics  can  be  observed.  Both  ends  of  the  tolerance  curve 
steep  increases  in  the  same  frequency  range  where  tha  body 
impedance  decreases.  The  minimum  tolerer?*  found  at  4  cps  is  in  agree¬ 
ment  with  a  MdciMii  of  impedance  at  tbe  same  frequency.  The  second 
TniT^imrm  of  tolerance  found  at  7-8  cps,  which  -sight  be  referable  to  a 
natural  frequency  of  the  h»«irt,  dcoa  —at  agrt.«e  with  sn  increase  of  impedanc  i . 


«aIC  rii  P7-3?1 


11 


Th<!  tolerance  curve  derived  fr«s*  this  stud?  is  compared  in  figure  4 
viti  tolerance  curves:  previously  reported. 2*3* 5,9,10  Little  similarity 
can  be  found  in  either  the  general  characteristics  of  «ha  curves  or  in 
the  order  of  magnitude.  The  reason  for  the  disagreement  is  based  upon 
the  difference  1 a  experimental  procedure  applied  in  this  study! 

1)  Short  exposure  time 

2)  Sitting  arrangement 

3)  Has  of  a  lap  belt  and  shoulder  harness 

It  is  hoped  that  additional  studies  of  tolerance  levels  for  increas¬ 
ingly  longer  exposure  times  and  with  various  seat  cod  harness  arrangements 
will  answer  the  questions  raised  by  these  results. 


P-KFBstESCBS 


1.  Van  Gierke,  H.E. ,  "71b,- ’-.itj.cn  and  Seise  Envirosreent  aff  Mlssilse  and  Space 
Vehicles,"  VADC  Techs'*  2U.  Report  39-1,  Proc.  of  WADC  Space  technology 
Lecture  Series.  ’«>riehc  Air  Development  Center,  '.Jright-Patterson  Air 
Force  Base,  Ohio.  See  also,  Noise  Control.  I!ay  1959 

2.  Heiher,  and  M^ister,  F.J.,  "Die  Eapfindllchkeit  des  Menschen  gegen 
Frcchiltt^inmgen, "  Forschung  auf  den  Gebiete  des  Ingenteurwesena 
2:3a,  1931 

3.  "wister,  ?.J.,  "Pie  HrrfTindliehkeit  des  Mcnschan  gegen  Erocb&tterungen, " 

'’orschung  auf  den  Gebiete  des  Ingenieurvesens  6:116,  1935 


5. 


Jr.oV.lin.  H.M.,  "Pirr.cn  tv  Vibration/  C.i.B.  Journal  J;;4L1,  1V3L 

Rest,  3.G.,  "Propeller  Balancing  Problems,"  5.A.B.  Journal  53*64 8,  1945 


6.  Goldman,  D.S. ,  '’A  Review  of  Subjective  He  spouses  loTibratory  Motion  of 
the  Hunan  Body  in  the  Frequency  It-nge  1  to  70  Cycles  Per  Second," 

Narel  Medical  Research  Institute  Project  NM  004  001,  1948 


7.  Coermann,  R.n.,  "Untersuchungen  tlber  die  Einvirkung  ven  Schwingungen  auf 
den  menschlichen  Organisms"  Z.  Luftfahrt  aedlzin  4,  73-217,  1940 


H.  Loeb,  M. ,  "A  Further  Investigation  of  the  Influence  of 'Whole-body  Vibra¬ 
tion  and  Noise  on  Tremor  sad  Visual  Acuity,"  Army  Medical  Research  Lab. 
Proj.  6-95-25-001,  1954 


9.  Zeller,  V .,  "Fin  Beitrag  zur  Untersuchung  der  mochanischen  Erschut- 
terungen  in  ihrer  Auswirkung  auf  den  -enschlichen  Organisms," 
Schell technik  5,  24,  34,  1932 


10.  Discksann,  D.,  "Einfluas  VerMkaler  Mechanischer  Schwingungen  auf  den 
Jfenschea, "  Internet.  Z.  angew,  Physiol,  elnechl,. Arbeit cphyalpl. , 

Sd.  16,  S.  519,  1957 

11.  Cope,  F.W.,  Some  Effects  of  Prolonged  Low  Frequency  Vibration  on  the 
Molecular  and  Cellular  Ommr^ -M nn  nt~ Piped .  Avisticr.  Msdicsl  P.crr.crd; 

Lab.  Froj.  N>1  11  01  12.12,  1957 

12;  Hiepelle,  A.J.,  The  Effects  of  Intense  Vibration.  TT.S.  Army  Medical 
Lab.,  Fort  Knox,  Ifr.,  1958 

13.  White,  D.C.,  Whole  Body  Oscillations,  Preliminary  Report  of  NM  001111304 

14.  Coermann,  R.R.,  Ziegenruecker,  GJI.,  Mlttmer,  A.L.,  von  Gierke,  H.E., 

"Die  Passive  Dynamic  Mechanical  Properties  of  the  Human  Thcrar  -  Abdomen 
tyatsa  and  of  the  Whole  Body  System."  Paper  presented  at  the  30th  Annual 
Meeting  of  the  AeromeGiceu.  Association,  Los  Angeles,  Calif.,  April  1959 

15.  Coermann,  R.B.,  "The  Mechanical  Impedance  of  the  Human  Body  in  the  Sitting 
azd  Standing  Position  and  its  Significance  far  the  fcibjective  Tolerance  to 
Vibrations .  ”  Paper  presented  at  the  3rd  Annual.  Meeting  of  the  Biophysical 
Society,  Pittsburgh,  Pennsylvania,  February  1959, 

SAX  TS  59-391  *3 


